Comparative genomic hybridization (CGH) was used to search for gains, high-level amplifications and losses of DNA sequences along all chromosome arms in 19 primary Merkel cell carcinomas (MCC). Extensive genetic aberrations, with a mean value of 5.571.1 changes per tumor were detected in 13 out of the 19 samples analyzed. Our CGH results reveal several new and other previously known chromosomal regions that are involved in the pathogenesis of MCC. The majority of the alterations were gains of whole chromosomes or whole chromosome arms. Compared to losses, the frequency of DNA copy number gains was two-fold. DNA sequence copy number gains were most common in chromosomes 6 (42%), 1 (37%), and 5 (32%). The most frequent minimal common regions of gains were 6pterqter (42%), 1q11q31 (32%), and 5p (32%). No recurrent high-level amplifications were observed. High-level amplifications of small chromosomal regions were found in four samples out of the 19 tumors analyzed (21%). Amplifications affected 1q22q24 (5%), 4p (5%), and 5p (5%). Losses most frequently affected chromosomes 13 (21%) and 4 (16%). Minimal common regions with the most frequent losses were 13q13q31 (21%), 4q (16%), and 16q (11%). No significant statistical correlation between genomic aberrations and clinicopathological factors was revealed, despite the fact that there was an obvious tendency towards it. Primary MCC expressing DNA alterations were predominantly distinguished in large tumors, and risk of metastatic dissemination was three-fold compared to tumors with no DNA alterations.
Merkel cell carcinoma (MCC) is a rare, aggressive primary neuroendocrine tumor of the skin. Its annual incidence varies between 0.2 and 0.45 per 100 000 people. 1, 2 Its natural course, particularly in large tumors, is rapid progression of primary tumor and metastasis to regional lymph nodes. 3, 4 This tumor is usually located in the sun-exposed areas of the body; half of the tumors are found in the head and neck region. [4] [5] [6] The elderly are most commonly affected by this disease. 7 Mean age varies from 70 to 80 years in recent studies. 4, 8 The prognosis is rather poor. Depending on the length of the follow-up period, up to 40-50% of the patients develop a local recurrence, 55% regional lymph node metastasis and 36% distant metastasis. 6 Overall survival is associated with the stage of disease at presentation and with sex, but not with age. 9, 10 Large tumor size (42 cm) has been found to have a detrimental effect on survival in MCC patients. 11, 12 Radical surgery is the recommended procedure to improve prediction of better survival in MCC. 13, 14 Previously, cytogenetic analyses have not shown any recurrent reciprocal translocations in MCC that would generate fusion genes or lead to activation of oncogenes. Little is thus known about the chromosomal and genetic alterations in MCC.
The aim of the present study was to perform a CGH analysis to obtain a genome-wide pattern of chromosomal gains, losses and high-level amplifications of small chromosomal areas in a cohort of 19 primary MCC. A further aim was to find out whether these chromosomal aberrations correlate with patient outcome and whether they could serve as prognostic markers.
Materials and methods

Tumor Specimens and Patient Characteristics
The material consisted of 19 None of the patients had received chemo-or radiotherapy before operation. The histological diagnosis was confirmed by two researchers (TB and VK) by using hematoxylin-eosin (HE) 15 stained slides. In addition, immunohistochemical verification was done for all the samples using cytokeratin-20 (CK-20) antibody. Immunohistochemical staining for thyroid transcription factor-1 (TTF-1) was used to exclude small-cell lung carcinoma (SCLC) metastasis. 16 This was negative in all cases. Size was measured from HE slides and it was recorded as o2 or Z2 cm.
In HE staining, the typical histology representation of the MCC samples was small blue cells with sparse cytoplasm, dispersed chromatin, monotonous, medium-sized, round-to-oval nuclei and abundant mitoses in the dermis with frequent extension to subcutaneous tissue.
Clinical characteristics of the patients are presented in Table 1 .
The mean follow-up was 2.7 years (range 7 days to 10 years). There were 10 (53%) male and nine (47%) female patients. The median age of the patients was 68 years (range 59-97 years). Size of the primary tumor varied from 0.8 to 6.5 cm, mean tumor size 2.5 cm. Eight (42%) of the tumors were located in the head and neck region. Eight tumors were located in the extremities (five in the upper and three in the lower extremities) and three (15%) were in the trunk. Metastatic dissemination was noted in two of the patients at the presentation. Seven more patients developed metastatic course of disease, altogether 47% progressed to metastasis. Local recurrence was recorded in eight (42%) patients.
The cut-off value of 2 cm (also the median) was chosen, for small and large tumor groups as our earlier clinicopathological study showed statistical correlation between tumors Z2 cm in size and unfortunate course of disease. 12 DNA were extracted from paraffin-embedded tissue sections following the procedure reported by Isola et al.
17
Comparative Genomic Hybridization
Comparative genomic hybridization (CGH) was performed using direct fluorochrome-conjugated DNA for all samples according to the protocol described elsewhere with minor modifications. 18 Briefly, tumor DNA and reference DNA (genomic DNA from peripheral blood leukocytes from normal donors) were labelled by nick translation with 19 The hybridization mixture consisted of 400 ng of tumor DNA, 400 ng of reference DNA, and 10 mg of unlabelled human Cot-1 DNA (Gibco/BRL, Life Technologies, Gaithersburg, MD, USA) dissolved in 10 ml of hybridization buffer (50% formamide, 10% dextran sulphate, 2 Â SSC). The hybridization mixture was denatured at 751C for 5 min and hybridized to a slide with normal metaphase spreads denatured in 70% formamide/ 2 Â SSC (pH 7) at 681C for 2 min. Hybridization was carried out at 371C for 48 h. The slides were then washed three times in 50% formamide/2 Â SSC (pH 7), twice in 2 Â SSC, and once in 0.1 Â SSC at 451C, followed by 2 Â SSC, 0.1 M NaH 2 PO 4 -0.1 M Na 2 HPO 4 -0.1% Nonidet P-40 (pH 8) and distilled water at room temperature for 10 min each. After airdrying, the slides were counterstained with 4 0 ,6-diamidino-2-phenyl-indole-dihydrochloride (DAPI) (Sigma Chemical Co., St Louis, MO, USA), and mounted with an antifading medium (Vectashield s , Vector Laboratories, Burlingame, CA, USA).
Digital Image Analysis
The hybridization was analyzed using an Olympus fluorescence microscope and the ISIS digital image analysis system (MetaSystems GmbH, Altlussheim, Germany), based on an integrated high-sensitivity monochrome charge-coupled device (CCD) camera and automated CGH analysis software. Three-color images (green for tumor DNA, red for reference DNA, and blue for counterstaining) were acquired from 12 metaphases per sample. The chromosomal regions were interpreted as over-represented when the green-to-red ratio exceeded 1.17 (gains) or 1.5 (high-level amplifications) and as under-represented (losses) when the ratio was less than 0.85. In each CGH experiment, a negative (peripheral blood DNA from normal donor) control and a positive (tumor DNA with known copy number changes) control were included and run simultaneously with the tumor samples. Telomeric and heterochromatinic regions were excluded from the analysis when they appeared as the sole aberration present in the sample as these regions cannot be evaluated reliably by CGH. 20, 21 DNA copy number changes involving 16p and 19 were excluded from the analysis unless they represented a high-level amplification. 22, 23 All results were confirmed using a 99% confidence interval with 1% error probability. Briefly, intraexperimental standard deviations for all positions in the CGH ratio profiles were calculated from the variation of the ratio values of all homologous chromosomes within the experiment. Confidence intervals for the ratio profiles were then computed by combining them with an empirical interexperimental standard deviation and by estimating the error probability based on the t-distribution.
Statistical Analysis
The association between tumors with no DNA changes, tumors with changes in
Results
Overview of DNA Sequence Copy Number Changes
Of the 19 samples, 13 (68.4%) had changes with a mean value of 5.571.1 aberrations per sample (range 1-12). Six samples (31.6%) did not show any aberrations. Compared to losses, the frequency of DNA copy number gains was two-fold (gains:losses ¼ 1.8:1). All chromosomal regions with increased or decreased DNA sequence copy number changes are summarized in Figure 1 . Table 2 shows the copy number karyotypes and Table 3 the most frequent chromosomal regions of gains, high-level amplifications, and losses.
The group of small tumors (o2 cm) comprised nine samples (Nos. 1-7, 18, and 19) and the remaining 10 samples (Nos. 8-17) were large tumors. Of the six samples that showed no DNA changes, only one was a large tumor, the other five were small tumors, revealing that 55% of the small tumors showed no DNA changes. Of those tumors that showed no genomic changes only 17% progressed to metastatic disease.
No significant statistical correlation was distinguished between the CGH aberrations and clinical features (P40.05). The relative risk (RR) for developing metastatic dissemination in the presence of DNA alterations was 3.0.
Gains and High-level Amplifications of DNA
Gains of DNA sequence copy number were most commonly observed in chromosomes 6 (42%), 1 (37%), 5 (32%), and 12 (21%). The most frequent minimal common regions were 6pterqter (42%), 1q11q31 (32%), 5p (32%), and 1q32qter (26%).
Other minimal common regions of gains are presented in Table 3 .
All DNA sequence copy number gains in chromosome 6 were seen in the large tumors. Five patients (63%) with gains in chromosome 6 developed metastatic course of disease and four (66%) with gains in chromosome 1 advanced to metastatic dissemination. Relations between DNA changes and recurrence and metastasis are presented in Figure 2 . High-level amplifications of small chromosomal regions were found in four of the 19 tumors analyzed (21%) ( Table 3) .
Losses of DNA
Losses most frequently affected chromosomes 13 (21%) and 4 (16%). Minimal common regions with the most frequent losses were 13q13q31 (21%), 4q (16%), and 16q (11%) ( Table 2 ). All the losses affecting chromosome 4 were in the large tumor group. Patients with losses in chromosomes 13 and 4, respectively, 50 and 66%, progressed to metastasis.
Discussion
Our study reports the first CGH analysis performed on a large series of primary MCC. The analysis revealed that 13 of the 19 (68%) MCC samples showed gains and/or losses of DNA sequences involving at least one, but typically several different chromosome regions. On average, the samples had five copy number aberrations per sample, with almost all chromosome arms involved. Most of the genomic abnormalities (9/13, 69%) were found in large tumors (size Z2 cm). In addition to previously known chromosomal regions, our CGH results revealed several new recurrent DNA copy number sequences that may be involved in the pathogenesis of MCC.
Gains of DNA sequences affected mainly whole chromosomes or chromosome arms, whereas highlevel amplifications and losses were rare. The present study reveals a characteristic pattern of genomic imbalances, including over-representation of chromosomes 6, 1q, 5p, 1p, 12, 4p, 9, 16p, 19p, and 21, in order of frequency. Frequent loss of DNA sequences was observed in 13q, 4q, and 16q, in order of frequency. High-level amplifications were rare, affecting 4p, 5p, and 6p or narrowed down to 1q22q24.
The clinical characteristics of our patients reported previously, 12 are well consistent with other studies. Slight male predominance, mean age 68 years and almost half of the tumors located in the head and neck region. 11, 14 During the course of the disease 47% of the patients progressed to metastatic dissemination, local recurrence was recorded in 42% patients. These data are also consistent with previous studies. 4, 24 Of the six tumors that showed no genomic aberrations, five (83%) were found in the small tumors group. Five patients (55%) with small tumors (size o2 cm) showed no DNA changes. In compliance with previous studies, 11, 25 large tumor size and nodal disease at the presentation had a negative impact on overall survival in MCC patients.
A three-fold risk was observed between genetic alterations and poor clinical outcome. Although we failed to demonstrate a significant statistical correlation between genomic aberrations and unfortunate course of disease, probably due to small number of specimens, there was an obvious tendency towards it.
Trisomy of chromosome 6 is widely considered as recurrent chromosomal aberration in MCC, [26] [27] [28] which was the case also in our study. In 42% of the primary MCC samples analyzed by CGH, overrepresentation of all genomic material of chromosome 6 was observed. Our study showed that aberration in chromosome 6 was distinguished solely in large tumors (size Z2 cm). Five (63%) of those patients developed metastasis in the course of disease.
The present analysis showed that half of the eight tumors with an increased copy number affecting the whole chromosome 6, had a gain of the whole chromosome 12, suggesting that the presence of simultaneous gains of chromosomes 6 and 12 may contribute to the development and progression of MCC.
Six of the tumor samples showed at least one gain of DNA sequence copy number affecting either the whole chromosome 1 or different chromosomal regions in 1p and 1q. Although trisomy 1 appears to be characteristic of MCC, its specific role is still unknown. It is thought that it confers proliferative advantages on the tumor cells in MCC. 29 In our material, 66% of the patients with gains in chromosome 1 progressed to nodal disease.
Gains of 5p material found in our present study have also been reported by others. 30, 31 Another previously observed recurrent abnormality is the entire or partial loss of 13q. In our samples, the most frequent losses of DNA sequence copy number were located at 13q13q31, which agree well with the results by others. 30, 32, 33 We observed recurrent losses, albeit infrequently, affecting chromosome 4 (with the minimal common region 4q) and in chromosome 8 (minimal common region 8p). So far, no tumor suppressor gene has been identified on chromosome 4. Additionally, each loss in chromosome 4 was identified in the large tumor group. Two-thirds of those patients developed metastasis.
MCC and SCLC are both neuroendocrine carcinomas that share some similarities in their clinical behavior. Deletions of chromosome 3p are detected in almost every SCLC 34, 35 and 3p allele loss is considered universal in the pathogenesis of all lung carcinoma types. 36 In our material only one patient, patient No. 9 (Table 2) , presented with deletion of chromosome 3p. This finding is contrary to a previous study that reported LOH on 3p to be a common abnormality in primary MCC. 37 It seems that primary MCC does not share the deletion on 3p with other similar neuroendocrine carcinomas, that is, SCLC. It has been postulated that chromosome 3p harbors a critical tumor suppressor gene involved in the pathogenesis of human lung cancers. 38 The pathogenesis of MCC seems to have different route from other neuroendocrine carcinomas.
In conclusion, it could be suggested that the activation of genes leading to the initiation and progression of MCCs is mostly related with the presence of extra copies of several chromosomes or chromosomal arms rather than with amplifications of small chromosomal areas. Finally, the possibility of losses of tumor-suppressor genes cannot be ruled out because of deletions beyond the resolution of the CGH method or their locations at telomeric regions, both conditions not detectable by CGH.
